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i
############ Simulating BNNT reinforced Aluminum matrix nanocomposite #############
oo b301 --------oooe-- ##

dimension 3

units metal

boundary PPSs

atom_style atomic

i i i i

variable a equal 1.45

variable m equal 16 # number of carbon atoms in azimuthal direction
variable n equal 53 # number of pair-atoms group in length direction
variable ¢ equal 4.05 #04527

variable  gap equal 2#3.3576 # distance between matrix and nanotube
variable  Lx equal (3*v_n+1)*v_a/2+v_a # half high of nanotube in the direction
of tension x

variable Ly equal 13*v_c # half depth of the specimen

variable ly2  equal v_lLy/2
variable r equal sqrt(3)*v_a*v_m/2/3.1416+v_gap

region simbox block 0 ${Lx} O ${Ly} O ${Ly} units box # creating the outter shape of the
specimen
create_box 3 simbox

region hole cylinder x ${Ly2} ${Ly2} ${r} O ${Lx} side out units box # creating a cylinder incide
cube

region alu  intersect 2simbox hole # cobmining two preceding regions

HH#HH SRR RSB R A R R A E  H
lattice fcc  ${c}

create_atoms 1 region alu

HHS S A
mass 1 26.98154 # Aluminum

mass 2 10.81 # Boron

mass 3 14.0067 # Nitrogen

read_data  data.bnnt add append offset 1 0 0 0 O shift 0.0 ${Ly2} ${Ly2}

velocity  all  create 300 4928459 mom yes rot yes dist gaussian units box

HEHHH BRI R BB BHHF R B HHF R BHHH R HHF R RHH R BHH R B HHF SRR B RSB SR RS RH#
write_data  data.comp

039005 gl (Sl dgo i Joli Y-z

##### Creating composite of BNNT and Al #####

Ht e b301 ------mmmmee- ##

dimension 3

boundary pps

units metal

atom_style atomic
L
read_data data.comp # from b301 in_data.al_bnnt

E i
pair_style hybrid eam/alloy tersoff lj/cut 8

pair_coeff ** eam/alloy Al_wkg_MSMSE_2009.set Al NULL NULL

pair_coeff ** tersoff BNC.tersoff NULL B N

pair_coeff 12 lj/cut 0.045692 3.0133 #Al B

pair_coeff 13 lj/cut 0.056443 2.9693 #Al N
e e g i
fix 1 all npt temp 3003000.1 x000.1y000.1

\PY



variable 1 equal temp
variable 2 equal vol
fix 2 all ave/time 111000 v_1 v_2 file tv.txt

dump 1 all cfg 10000 ./cfg/*.cfg mass type xs ys zs id type
dump_modify 1 element AIBN
thermo 10000

timestep  0.0001

run 25000

timestep  0.0005

run 25000

timestep  0.001

run 50000

HHBHHRHH BRI R R RH R R R R
write_restart restart.b301

o jgmol5gil Juwo (5,05 ,L Y -7

###### Stretching composite of BNNT and Al #######
Htf oo b301 ---m-mmmmeeeeeeee #it

read_restart restart.b301 # from b301
BEHH BB BHHH R BB BAH R B HHF R B HHF R RHF R RAH R R HH R RS RSB R SR RS

pair_style hybrid eam/alloy tersoff lj/cut 8
pair_coeff ** eam/alloy Al_wkg_MSMSE_2009.set Al NULL NULL

pair_coeff ** tersoff BNC.tersoff NULL B N
pair_coeff 12 lj/cut 0.045692 3.0133 #Al B
pair_coeff 13 lj/cut 0.056443 2.9693 #Al N

HHE S A
fix 1 all nvt temp 10100.1

variable 1 equal vol

compute 1 all temp

compute 2 all stress/atom 1

compute 3 all reducesumc_2[1] c_2[2] c_2[3]

fix 2 all ave/time 11000 1000 c_3[1] c_3[2] c_3[3] file stress.txt

fix 3 all ave/time111000c_1v_1 file tv.txt

HHHHHHHH S HH SRR R RHSHS AR AR R R R A A R S
fix 4 all deform 1 x erate 0.0001 units box

dump 1 all cfg 200000 ./cfg/*.cfg mass type xs ys zs id type

dump_modify 1 elementAlIBN

timestep  0.001

run 2000000
SR
write_restart restart.b302
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First, mechanical properties and deformation mechanism of nano single crystal
aluminum are investigated and the applied strain rate and system temperature effects are
attained. According to the obtained results, strain rate does no cause considerable effects
on the mechanical behavior on the material. But the system temperature makes significant
influence. After that BNNT are utilized to reinforce aluminum material and stress-strain
curve and influences of the nanotube on the nanocomposite are achieved by modeling
tensile and compressive loading tests. Results show high reinforcing effects of the long
BNNTSs of the matrix. Then a new emerging group of engineering materials, namely
nanolayered composites are explored in which alternating layers of metal and graphene
are mixed to reinforce various fcc metals, i.e. copper, aluminum, nickel, silver and gold.
Graphene addition and also metal layer thickness make significant influence on the
compressive deformation mechanism of the composites based on Cu, Au, and Ag

matrices.

In the continuation of the research, CNTs are used in order to improve mechanical
characteristics of Cu-Zr MGs. Elastic-plastic behavior of the nanocomposite are derived
by tensile and compressive loadings. Also the effects of the reinforcement parameters are
studied. Long CNT addition significantly improve the mechanical characteristics of MG
matrix. Being brittle is one of the intrinsic properties of MGs. Also they have a very low
ability in absorbing an applied loading energy. Hence, combining of graphene layers with
MG matrices are recommended as a solution to improve their ductility. To do so, long
and short graphene nanosheets of different arrangements are utilized to improve the
ductility and toughness of MGs. According to the obtained results graphene layers can
significantly enhance the ductility and toughness of glassy metals by blocking the
propagation of the formed shear bands and by increasing the number of local plastic

deformations.

Keywords
Metal, Metallic glasses, Nanocomposites, Carbon nanotube, Boron nitride nanotube,

Graphene, Molecular dynamics



Abstract

With the development of nanotechnology, the applications of metallic materials have
considerably increased in this new field of technology. Analyzing the mechanical
properties and behaviors of metals as one of the constituents of nanodevices and
determining the effects of parameters related to loading conditions are essential steps. On
the other hand, the researchers have always tried to improve the properties of metal matrix
composites by utilizing suitable reinforcements. Nanostructures like carbon nanotubes
have been employed to reinforce and enhance the mechanical characteristics of
nanocomposites as new engineering materials. It has always been attempted to analyze
the properties of nanocomposites by experimental and computational methods and to
obtain the effects of nanostructures addition on their mechanical behaviors. With regard
to that the experimental methods are expensive and time-consuming in nanomaterials
fields, molecular dynamics simulation method as a reliable and accurate computational
method can be an appropriate alternative method. In present research, the purposes are to
study mechanical properties and deformation mechanism of metals at nanoscale point of
view and to investigate mechanical characteristics of nanocomposites reinforced with
nanostructures based on molecular dynamics simulations. To do this, carbon nanotubes
(CNTSs), boron nitride nanotubes (BNNTS) and graphene are employed to combine with
metallic matrices in order to improve their mechanical properties. The research which are
intended to be performed in this purpose are classified into two distinct categories, namely
crystalline metals and metallic glasses (MGs). In the first category, metal matrices have
crystalline structures and are reinforced with BNNT and graphene. While, in the second
category, the atomic structure of metal matrices is amorphous and they are combined with

CNT and graphene with reinforcing purposes.






Py
’}[W‘é”

Shahrood University of Technology

Faculty of Mechanical Engineering

PhD Dissertation in Mechanical Engineering — Applied Design

Mechanical Analysis of Metal Matrix Nanocomposites
Reinforced with Nanotube and Graphene by Molecular

Dynamics simulations

By: Reza Rezaei

Supervisors:
Dr. Mahmoud Shariati
Dr. Hossein Tavakoli-Anbaran

Dr. Chuang Deng

November 2016



	Article I.
	Article II.
	Article III.
	Article IV.
	Article V.
	Article VI.
	Article VII.

